Objective: The aim of this study was to screen Omani individuals for the familial aggregation of type 2 diabetes mellitus. Methods: A random cohort of 1182 Omani individuals visiting the Family Medicine Clinic at Sultan Qaboos University Hospital (SQUH), Muscat, Oman, for regular medical checkup, aged ≥40 years, were sampled. Patients were categorized into three groups: (1) individuals who claim not to have diabetes and had no family history of diabetes; (2) individuals who claim not to have diabetes but had family history of diabetes; (3) individuals with diabetes. Only 16% of these Omani individuals had no diabetes and no family history of diabetes. Another separate random cohort of 234 Omani type 2 diabetes mellitus patients, from the Diabetes Clinic at SQUH, were interviewed and questioned about their family history of type 2 diabetes mellitus. Results: Ninety five percent of the patients had a family history of diabetes. Eighty percent had first degree relatives with diabetes and 46% had second degree relatives with diabetes. At least one parent with diabetes was reported among 55% of these diabetics, while maternal diabetes (55%) was found to be higher than paternal diabetes (47%). However, only 15% had both parents with diabetes. Furthermore, almost half of the 234 diabetics were having at least one of the following relatives with diabetes: brother, sister, aunt or an uncle. Conclusion: The findings of this study confirm familial aggregation of diabetes among the Omani population. Compared to other populations, familial aggregation of type 2 diabetes mellitus among Omanis is relatively very high, and is perhaps due to the very high degree of consanguinity among Omanis. Since almost everyone seems to have a genetic predisposition to diabetes, the dramatic lifestyle changes over the past 25 years, could tip the population into an epidemic of type 2 diabetes mellitus.
Introduction
Type 2 diabetes mellitus (T2D) is the predominant form of diabetes and accounts for at least 90% of cases. The estimated worldwide prevalence of diabetes among adults was 6.4% in 2010 and is predicted to rise to about 7.7% by 2030. 1 The rise in prevalence is predicted to be much more in developing than in developed countries.
This form of diabetes is most often associated with older age, obesity, family history, previous history of gestational diabetes, physical inactivity and certain ethnicities. A family history (FH) confers an up to 3-fold increased risk for first degree relatives to develop the disease. [2] [3] [4] The risk of developing T2D is 40% for individuals who have one parent with T2D and about 70% if both parents are affected. 5, 6 In addition, concordance rate for diabetes is generally higher in monozygotic twins (70%) compared with dizygotic twins (20-30%). 6, 7 Previous studies have reported higher prevalence of T2D among mothers of probands with T2D than among fathers and the excess maternal transmission of T2D was reported in different studies. [8] [9] [10] [11] [12] [13] [14] [15] [16] However, other studies reported no difference in parental transmission of T2D. [17] [18] [19] [20] [21] Large differences in prevalence of T2D between different ethnic groups exist and seem to depend on heritability, consanguineous marriages and environmental factors.
According to the IDF diabetes Atlas, fifth edition, six out of the world's top ten countries for prevalence (%) of diabetes (20- 22 The prevalence of diabetes in Oman in 2011, was estimated to be 10.8%; with a further 9.7% of the population at high risk of diabetes with impaired glucose tolerance (IGT). 22 Consanguineous marriages in Oman are about half that of all marriages, 23, 24 and there is strong evidence that genetic factors play an important role in the pathogenesis of T2D. 25 Investigating the family clustering of T2D among populations can help towards quantifying the genetic component and assessing the impact of other environmental factors.
This study screened a sample of the Omani population for FH Another case series study with a separate random cohort of 234 T2D patients, from the Diabetes Clinic at SQUH, were interviewed and questioned about their FH of T2D. The personal history of T2D among patients was confirmed from the diagnosis and medical history deposited in the electronic records of the hospital information system. Exclusion criteria included: patients diagnosed with type 1 diabetes; maturity onset diabetes of the young (MODY); positive diabetic antibodies (islet cell antibodies and glutamic acid decarboxylase antibodies); pregnancy induced diabetes or patients diagnosed with any type of cancer.
Participants were informed about the project and written consents were obtained. The study was approved by the Ethics and Research Committee of the College of Medicine, Sultan Qaboos University.
In order to determine family history of T2D, participants filled a questionnaire about their FH of T2D, which included their father, mother, brothers, sisters, aunts, uncles and grandparents. Father, mother, brother and sister were considered as first degree relatives. While, aunts and uncles were considered as second degree relatives. Most of the participants were not sure about their grandparent's status of diabetes, so that was excluded from the analysis.
Anthropometric and biochemical parameters including height (m) and weight (kg) with indoor clothes and without shoes were measured for T2D patients and body mass index (BMI) was calculated. The patients were asked to fast overnight and their fasting blood glucose was measured.
Results
Twenty nine percent (n=347) of a random cohort of 1182 Omani individuals, older than 40 years, visiting the Family Medicine Clinic at SQUH, at days other than the Diabetes Clinic days, had diabetes. Fifty five percent (n=644) claimed not to have diabetes but had a FH of diabetes. Only 16% (n=191) claimed not to have diabetes and had no family history of diabetes. (Fig. 1) In the second cohort of Omani individuals with diabetes (n=234) 116 individuals were males (49.6%). Their mean age was 52.6 ± 10.2 years (Table 1) . Ninety five percent had FH of diabetes (either first or second degree). Eighty percent had first degree relatives with diabetes and 46% had second degree relatives with diabetes. At least one parent with diabetes was reported among 55% of these diabetics. Maternal diabetes (n= 74, 55%) was higher than paternal diabetes (n=63, 47%), but the difference was not statistically significant. Only 15% had both diabetic parents. Furthermore, almost half of these Omani individuals with T2D had at least one of the following relatives with diabetes: brother, sister, aunt or an uncle. (Table 2 Fasting glucose (mmol/l) 9.7 ± 3.5 
Discussion
This study screened a random cohort of Omani individuals for FH of T2D and investigated the familial aggregation of the disease among another cohort of Omani patients with T2D. Only 16% of a random cohort of Omani individuals had no diabetes and no FH of diabetes. The remaining individuals were either diabetics or had a FH of diabetes. In addition, 95% of another random cohort of Omani patients with T2D had a FH of diabetes (either first or second degree). Eighty percent had first degree relatives with diabetes and 46% had second degree relatives with diabetes. At least one parent with diabetes was reported among 55% of diabetics. Maternal diabetes (55%) was found to be higher than paternal diabetes (47%). However, only 15% had both parents with diabetes. Furthermore, almost half of these diabetics were having at least one of the following relatives with diabetes: brother, sister, aunt or an uncle.
The findings of this study confirm familial aggregation of diabetes among the Omani population. Several other studies reported familial aggregation of diabetes among different populations. However, the prevalence of familial aggregation of T2D was higher among the Omani population than that reported among other populations. 10, 11, 13, 26, 27 Consanguineous marriages in Oman are about half that of all marriages, 23, 24 and there is strong evidence that genetic factors play an important role in the pathogenesis of T2D. 25 Few studies were conducted among Arabs to investigate the family clustering of diabetes, despite high consanguineous marriages. Previous studies among Moroccans and Tunisians indicated familial aggregation of T2D, but the figures were much lower than those observed among the Omani population. 10, 26 However, the prevalence of T2D among Moroccans was also reported to be much lower than among the Omani population. A recent study in Qatar revealed that 73% of the subjects with DM had a positive FH of diabetes. 28 However, that study examined a mixed sample of Qatari and other Arab populations, which possibly influenced the degree of familial aggregation. Compared to 80% among Omani patients with diabetes, first degree relatives with diabetes was reported to be 71% among Arab diabetic population in Qatar, 28 45% among Morrocan diabetics, 26 and 58% among Tunisian diabetics. 10 Lower frequencies of positive FH among diabetics have been reported in other studies, 36% in Asians, 8 33% in Europeans, 27 and 27% in black South Africans. 13 In this study, at least one parent with diabetes was reported among 55% of Omani patients with T2D. Similar findings have been reported for south Indian diabetics (54%). 17 However, lower frequencies were found among other populations. Benrahma et al. (2011) , reported that 25% of Moroccan diabetics had at least one parent with diabetes, 26 while it was found to be 34% among Tunisian diabetics. 10 Furthermore, it was reported to be 39% in USA, 9 37% in Sri Lanka, 29 and 25% among Asians. 8 A statistically non-significant high frequency of maternal diabetes than paternal was found among Omani patients with T2D. Previous studies have reported a higher prevalence of T2D among mothers of probands with T2D than among their fathers and the excess maternal transmission of T2D was also reported. [8] [9] [10] [11] [12] [13] [14] [15] [16] 28 However, other studies reported no difference in parental transmission of T2D. [17] [18] [19] [20] [21] Almost everyone in Oman has a FH of diabetes. In addition, some dramatic changes in lifestyle and diet of Omanis have taken place in the past 25 years. If this high genetic predisposition is further compounded by lifestyle changes, then T2D may soon escalate into an epidemic among Omanis.
Therefore, stringent screening programs among the Omani families should be adopted to protect this Arab population from the adverse effects of developing diabetes and its complications. Consanguineous marriages are part of Omani Arab tradition, and cannot be changed fast-enough; although, nowadays it has been noticeably reduced. The Ministry of Health in Oman has established a nationwide screening program to detect pre-diabetes among middle aged people (age ≥40 years). 30 However, further health education programs and strategies should be adopted for children at schools to prevent this disease developing into an epidemic.
Conclusion
Only 16% of the Omani individuals had no diabetes and no FH of diabetes. Omani individuals are prone to develop diabetes in the future because of their strong genetic predisposition and recent changes in lifestyle.
